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ABSTRACT

Objectives High socioeconomic status (SES) has been
linked to high referral for cardiac rehabilitation (CR).
However, the impact of SES on CR utilisation from
enrolment to completion is unclear. The objective of this
study was to examine whether indicators of SES are
associated with not taking up and dropout from CR.
Design A population-based, follow-up study.

Setting Hospitals and primary healthcare centres in the
Central Denmark Region.

Participant Patients diagnosed with ischaemic heart
disease (IHD) in the hospital and referred for rehabilitation
in the primary healthcare setting from 1 September 2017
to 31 August 2018 (n=2018).

Variables Four SES indicators (education, disposable
family income, occupation and cohabitant status) were
selected because of their established association with
cardiovascular health and CR utilisation. Patients were
followed up regarding no uptake of or dropout from CR in
the primary healthcare setting.

Statistical methods The associations between the four
SES indicators and either no uptake or dropout from CR
were analysed using logistic regression with adjustment
for age, sex, nationality and comorbidity.

Results Overall, 25% (n=507) of the referred patients
did not take up CR and 24% (n=377) of the participators
dropped out the CR. All adjusted ORs, except one
(education/dropout) demonstrated that low SES compared
with high are statistically significantly associated with
higher odds of not taking up CR and dropout from CR. The
ORs ranged from 1.52, 95% Cl 1.13 to 2.04 (education/no
uptake) to 2.36, 95% Cl 1.60 to 3.46 (occupation/dropout).
Conclusions This study highlights that indicators of

SES are important markers of CR utilisation following
hospitalisation for IHD.

INTRODUCTION

Individuals suffering from ischaemic heart
disease (IHD) are at high risk of death and
medical complications, and frequently experi-
ence anxiety, depression, impaired cognition
and perceived stress.'” Cardiac rehabili-
tation (CR) is targeted toward improving
functioning, health-related quality of life

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A comprehensive identification of a cohort of pa-
tients hospitalised with ischaemic heart disease
(International Classification of Diseases, 10th
Revision classified) and a medically deemed need
for rehabilitation.

= Assessment of the outcomes (no uptake and drop-
out) pursuant to the clinical performance of stan-
dardised cardiac rehabilitation programmes in
agreement with international clinical guidelines.

= Independent and almost complete registration of
data in separate population-based public databases
and individual-level linkage of data across health-
care sectors.

= Risk of confounding from sedentary lifestyle and
logistic factors.

and well-being. Therefore, based on level
A evidence, CR is strongly recommended
following an acute coronary event or revas-
cularisation.* Nevertheless, CR continues to
be widely underused. Reported referral rates
range from 22% to 73%, participation rates
are <50% and dropout rates range from 12%
to 82%.57 Low socioeconomic status (SES)
has been linked to low referral rates for CR;
however, evidence on the association between
SES and the uptake and completion of CR
remains limited.”®

Core elements of CR include physical exer-
cise, nutrition therapy, smoking cessation,
patient education and addressing psychoso-
cial factors.*? Physical exercise is the foun-
dation of CR alongside educational and
psychological support, with proven positive
effects on hospital readmissions and health-
related quality of life."” CR acts through phys-
iological improvement in cardiac function,
risk factor modification and improvements
in healthy lifestyle and mood.* '’ The proven
positive effect along with the wide variability
in the utilisation of CR has strengthened the
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focus on determinants of CR utilisation. Proposed deter-
minants are multifaceted and include interpersonal, clin-
ical and logistical factors.” Indicators of SES, including
income, education, employment, civil status and physical
and social environment, have a measurable and signifi-
cant association with cardiovascular health. This associa-
tion may be partly mediated by inequalities in standards
of care and utilisation of CR.*'" The initial phase of CR
utilisation was investigated in a recent study examining
the link between SES and the CR referral process.® The
investigators concluded that patients with high levels of
personal income and higher education may have a higher
chance of being informed regarding CR, increased will-
ingness to participate in CR, and greater rates of assign-
ment to CR than those with low levels.® Furthermore, low
SES has been linked to non-participation in CR; nonethe-
less, the impact of SES on CR utilisation from enrolment
to completion of the programme is currently unclear.”® '*

Objectives

The objective of this study was to examine whether indi-
cators of SES are associated with not taking up CR and
dropout from CR among patients diagnosed with IHD in
the hospital and referred for rehabilitation in the primary
health care setting.

METHODS

Study design

In this population-based cohort study, we included all
patients (age=18 years) diagnosed with IHD in a hospital
in the Central Denmark Region from 1 September 2017
to 31 August 2018 and referred for rehabilitation. The
study was performed in compliance with the Strength-
ening the Reporting of Observational Studies in Epide-
miology reporting guidelines for cohort studies."”

Data collection

Individually identifiable data from five national health
and social databases were linked via the unique personal
identification number assigned to all Danish residents
at birth or immigration.'"*" The Danish welfare system
enables extensive registration in nationwide databases of
the tax-financed services within the universal healthcare,
education and social welfare (eg, pension and unemploy-
ment insurance) systems.'* Danish residents have free
access to the tax-funded hospital care and CR.

Setting and participants

The study covered all hospitals and municipalities in the
Central Denmark Region (population: ~1.3 million)."
According to Danish law, hospitalised patients with a
medically deemed need for rehabilitation after discharge
will be referred for rehabilitation by means of a rehabili-
tation plan. The rehabilitation plan is mandatorily regis-
tered in the National Patient Registry.16 In the Central
Denmark Region, the primary healthcare setting provides
specific CR activities through established CR programmes

in agreement with international clinical guidelines.*
The primary healthcare setting provides personalised
planning of CR, a 12-week physical exercise training
programme, exercise tolerance tests before and after the
12-week training, patient education, tobacco cessation,
detection of anxiety and depression, nutritional counsel-
ling and evaluation at the closing CR meeting.

We identified patients with IHD and a hospital contact
(outpatient) or discharge (inpatient) from 1 September
2017 to 31 August 2018 in the National Patient Register
using the International Classification of Diseases, 10th
Revision (ICD-10) codes.'® Acute coronary syndrome was
defined by the ICD-10 codes DI210-DI219, DI1240, DI248
and DI249 as a primary or secondary diagnosis."’ Other
IHD were defined by the additional ICD-10 codes DI20—
DI25 as the primary diagnosis. Patients with a referral for
rehabilitation registered in the National Patient Registry
were eligible for inclusion in the study.'® Prerequisites for
inclusion in the study were: (1) referral during the index
hospital contact for IHD; (2) referral within 120 days after
discharge during a subsequent hospital contact restricted
to the primary ICD-10 codes for heart disease, observa-
tion for suspected heart disease or care involving the use
of procedures for CR or unspecified rehabilitation.

One municipality in the Central Denmark Region
(population: ~3720) did not offer CR, and these patients
were excluded (n<b) because even if they fulfilled the
inclusion criteria for this study, they were not given
the opportunity to participate in an established CR
programme. Furthermore, a priori n<5 patients were
excluded owing to missing values on six of eight variables
for SES and the covariables (data not shown). Hence, the
study included 2018 patients (figure 1).

The study involved two study subpopulations and
follow-up periods (figure 1). First, regarding no uptake of
CR, the study population included hospitalised patients
with a referral for rehabilitation (n=2018). The patients
were followed up from the day of referral until the initial
CR meeting in the primary healthcare setting or the end
of follow-up by 90 days. Second, regarding dropout from
CR, the study population included patients who partici-
pated in the initial CR meeting in the primary healthcare
setting (n=1568). The patients were followed up from the
day of the initial CR meeting until completion of at least
one of three CR activities or the end of follow-up at 180
days.

Socioeconomic status

Different indicators of SES including education, dispos-
able family income, occupation and cohabitant status
were selected based on prior knowledge regarding their
proposed mechanisms associated with cardiac health,
possible mediated by disparities in care.® *” Most often,
family income rather than personal income is identified
as an indicator of SES, and this study analysed disposable
family income.”” *' The latest updated information on
the four SES indicators before referral for rehabilitation
was obtained from national databases with high validity
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Study population 1: Hospitalized patients with a referral for rehabilitation

Hospitalized in the Central Denmark Region with ischemic heart disease, with referral for

rehabilitation in the primary healthcare setting (n=2,018, 100%)

Outcome 1: No uptake (n=507, 25%)
Did not participate in the initial CR meeting (n=450, 22%)

Participated in the initial meeting but not < 90 days (n=57, 3%)

Participated in the initial CR meeting < 90 days (n=1,511, 75%)

Study population 2: Patients who participated in the initial CR meeting

Participated in the initial CR meeting (n=1,568, 100%)

Outcome 2: Dropout (n=377, 24%)
Completed none of the three CR activities (n=301, 19%)

Missing values on all three CR activities (n=76, 5%)

Adhered to >75% of planned
PET (n=869, 63%) among
those accepting PET

(n=1,389, 100%)

Adhered to >75% of
planned PE (n=455, 58%)
among those accepting PE

(n=780, 100%)

Participated in the closing CR
meeting < 180 days (n=1,098,
70%) among those participating
in the initial CR meeting

(n=1,568, 100%)

Figure 1
physical exercise training; PE, patient education.

and coverage.15 1718 Data on the highest attained level of
education were obtained from the Population Education
Register, and the educational level was classified according
to the International Standard Classification of Education
as follows: low (lower than primary, primary and lower
secondary education); medium (upper secondary and
postsecondary non-tertiary education); and high (tertiary
education) 1722 Information on disposable family income
was obtained from the Income Statistics Register and
categorised into three groups with an equal number of
patients in each group.18 Occupational status defines a
person’s primary income source and/or occupation.23
Occupational status was categorised into employment,
age-related pension including early retirement and social
benefits (eg, unemployment, sick leave, social security,
disability pension and education grant).18 % Data on
cohabitant status were obtained from the civil registration
system and specifies whether two adults share the same
address.”®

Outcomes

In accordance with previous studies, this study included
two endpoints, namely no uptake of CR among referred
patients and dropout among participants (figure 1).” No

Patient flow from hospital until the closing meeting in the primary healthcare setting. CR, cardiac rehabilitation; PET,

uptake of CR determines whether a referred patient did
not participate in the initial meeting for CR in the primary
healthcare setting. No uptake was classified into ‘yes’ (ie,
did not participate within 90 days after referral) and ‘no’
(ie, participated within 90 days after the referral). Accord-
ingly, patients who did not participate in the initial CR
meeting (n=450) and patients who participated in the
meeting >90days after the referral (n=40) were classi-
fied as patients with no uptake. Furthermore, 67 patients
participated in an initial CR meeting before referral
for rehabilitation was registered in the National Patient
Registry. Of those, patients with a period of <30and
>30days between the CR meeting and referral were clas-
sified as patients with uptake (n=50) and patients with no
uptake (n=17), respectively.

Dropout was determined using a composite measure based
on the following three CR activities: (1) adherence to 275%
of the planned sessions of physical exercise training; (2)
adherence to 275% of the planned sessions of patient educa-
tion; and (3) participation in the closing CR meeting within
180 days. Dropout was classified into yes (ie, the patient
completed none of the three CR activities (n=301) or had
missing values on all three (n=76)) and no (ie, the patient
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completed one or more of the three CR activities). Missing
values on a CR activity were classified as non-adherence
with respect to physical exercise training and patient educa-
tion, and as non-participation with respect to the closing
CR meeting within 180 days. Among those who accepted
to participate in physical exercise training (n=1389), the
percentage of patients with missing values regarding adher-
ence was 4% (n=57). Among those who accepted to partici-
pate in patient education (n=780), the percentage of missing
values regarding adherence was 10% (n=79). Furthermore,
among those who participated in the initial CR meeting
(n=1568), the percentage of missing values regarding the
closing meeting was 5% (n=76). Whether the patients were
enrolled in one or more of the CR activities was decided by
agreed personalised planning at the initial CR meeting.

Information on CR (including no uptake and dropout)
was obtained from the Danish Cardiac Rehabilitation
Database.'” The database was developed in 2013 and data
on CR in the primary healthcare setting are available
since 2017." Information on the number of persons who
died during follow-up was obtained from the civil regis-
tration system. '’

Covariables

Olderage, female sex, non-Caucasian origin and comorbid
disease are proposed risk factors for non-utilisation of
CR; the selection of potential confounders was based on
prior knowledge.” Information on all four covariables was
attained at the time of or immediately before referral.'” '°
Danish nationality included a person—regardless of the
place of birth—with at least one parent who is a Danish
citizen or born in Denmark. Comorbidity was defined
according to the Charlson Comorbidity Index and
computed by identifying the specific ICD-10 conditions
in the National Patient Registry up to 10 years before the
referral for rehabilitation.**

Statistical methods
Baseline characteristics and outcomes were summarised
using means, SD and percentages. Means and SDs were
applied rather than percentiles to protect personal data.
The individual associations between the four indicators of
SES and either no uptake of CR or dropout were analysed
by crude and multivariable logistic regressions, adjusting
for age (continuous), sex (male/female), nationality
(Danish/not Danish) and comorbidity (score: 0, low;
1-2, moderate; 3-8, high). All analyses were performed as
complete-case analyses. Due to missing values regarding
the educational level (no uptake: n=37; dropout: n=24),
the number of patients in the individual analysis varied.
Sensitivity analyses were performed to identify any
conflicting underlying associations according to the
three CR activities in the composite measure of dropout
(ie, physical exercise, patient education and closing
CR meeting). The individual associations between the
four indicators of SES and each of the three CR activi-
ties were assessed through logistic regression analyses
with and without adjustment for age, sex, nationality

and comorbidity. Furthermore, a sensitivity analysis was
performed to evaluate the robustness of the definition
of not taking up CR by recoding ‘no uptake’ to ‘uptake’
for the 17 patients who participated in the initial CR
meeting >30days before registration of the referral.
Thereafter, the associations between the SES indicators
and no uptake of CR (recoded) were analysed using
logistic regression with and without adjustment for age,
sex, nationality and comorbidity. Finally, two sensitivity
analyses were performed; one for not taking up CR and
one for dropout of CR, including all four SES indicators
in the adjusted logistic regression analysis in addition to
age, sex, nationality and comorbidity.

Patient and public involvement

Results were presented for a panel of former patients
participating in CR. The panel contributed with valuable
input to the discussion.

RESULTS

Participants

A total of 2018 patients diagnosed with IHD were referred
for rehabilitation in the primary healthcare setting (the
study population for no uptake). Of those, 78% (n=1568)
participated in the initial meeting in the primary health-
care setting (the study population for dropout). Among
participants, 76% (n=1191) of the patients completed at
least one of the three CR activities (figure 1). The mean
number of planned and completed sessions of phys-
ical exercise training was 23.8 (SD: 7.3) and 17.4 (SD:
9.1), respectively. The mean number of planned and
completed sessions of patient education was 6.4 (SD: 3.4)
and 4.7 (SD: 3.9), respectively. The mean number of days
from the initial until the closing CR meeting was 114.1
(SD: 134.9) days. As regards physical exercise training,
89% (n=1389) of the patients accepted to participate in
physical exercise training alone or in combination with
the closing CR meeting and/or patient education (online
supplemental table 1). Only 588 (38%) patients accepted
to participate in all three CR activities (online supple-
mental table 1).

Baseline characteristics

Patient baseline characteristics stratified according to
the indicators of SES are presented in table 1 (patients
with a referral) and online supplemental table 2 (patients
participating in the initial CR meeting). Patients with low
SES tended to be older, female, not of Danish nationality
and had higher comorbidity versus those with high SES.
Expectedly, patients supported by age-related pension
prior to referral were elderly. These tendencies were
observed in the referred patients (table 1) and those who
attended the initial CR meeting (online supplemental
table 2).

No uptake
Among the 2018 patients with IHD and referral for reha-
bilitation, 25% (n=507) did not take up CR. Of these,
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Table 1 Baseline characteristics of 2018 patients with ischaemic heart disease referred for rehabilitation

No uptake Characteristics
Charlson Comorbidity Index n (%)
Danish origint Low score Moderate  High score

Indicators of SES n (%)* Age mean (SD) Maletn (%) n (%) 0 score 1-2 3-8
Educational level

High 86 (20.3) 64.9 (10.7) 310 (73.3) 395 (93.4) 260 (61.5) 114 (27.0) 49 (11.6)

Medium 200 (22.5) 64.4 (10.9) 706 (79.5) 845 (95.2) 489 (55.1) 274 (30.9) 125 (14.1)

Low 206 (30.8) 67.7 (12.0) 429 (64.0) 623 (93.0) 310 (46.3) 236 (35.2) 124 (18.5)

Missing data 15 (40.5) 65.2 (14.3) 21 (56.8) 24 (64.9) 20 (54.1)  12(32.2) 5 (13.5)
Family income level

High 109 (16.2) 61.7 (9.6) 562 (83.5) 657 (97.6) 419 (62.3) 201(29.9) 53(7.9)

Medium 169 (25.1) 65.9 (10.8) 506 (75.2) 634 (94.2) 355(52.8) 222 (33.0) 96 (14.3)

Low 229 (34.1) 69.2 (12.4) 398 (59.2) 596 (88.7) 305 (45.4) 213 (31.7) 154 (22.9)
Occupational status

Employment 128 (17.8) 56.7 (7.7) 606 (84.3) 689 (95.8) 490 (68.2) 193 (26.8) 36 (5.0)

Age-related pension 302 (28.4) 74.1 (6.5) 703 (66.2) 1025 (96.5) 482 (45.4) 355(33.4) 225 (21.2)

Social benefit 77 (32.5) 54.6 (7.7) 157 (66.2) 173 (73.0) 107 (45.2) 88 (37.1) 42 (17.7)
Living alone

No 303 (20.8) 65.1 (10.6) 1144 (78.7) 1354 (93.1) 805 (55.4) 456 (31.4) 193 (13.3)

Yes 204 (36.2) 66.9 (13.2) 322 (57.1) 533 (94.5) 274 (48.6) 180(31.9) 110(19.5)

*The inverse percentage, that adds up to 100%, represents the patients in the specific category of the SES indicator with no cardiac rehabilitation

uptake.

1Sex (male/female). The inverse percentage, that adds up to 100%, represents females.
FNationality (Danish/not Danish). The inverse percentage, that adds up to 100%, represents persons who are not of Danish origin.

SES, socioeconomic status.

4% (n=19) died during follow-up. Low SES was statis-
tically significantly associated with not taking up CR in
the primary healthcare setting compared with high SES
(table 2). Although adjustment for age, sex, nation-
ality and comorbidity lowered the point estimates, the
observed associations remained statistically significant
and exhibited twofold higher odds for not taking up CR.
This applied to low versus high disposable family income
(OR: 2.04, 95%CI 1.54 to 2.71), patients supported by
social benefits versus employment (OR: 2.10, 95% CI 1.46
to 3.02) and living alone versus cohabiting (OR: 2.02,
95% CI 1.61 to 2.53).

Dropout

In total, 24% (n=377) of the 1568 patients who partic-
ipated in the initial CR meeting dropped out from CR
(table 3). Fewer than five patients who dropped out died
during follow-up. Social inequality in dropout showed
similar tendencies to those observed for not taking up
CR; the adjusted ORs ranged from 1.34 (95% CI 0.96
to 1.86; educational level) to 2.36 (95% CI 1.60 to 3.46;
occupational status). The adjusted ORs indicated weaker
associations between the indicators of SES and dropout
versus no uptake of CR.

Sensitivity analyses

The sensitivity analyses assessing the associations between
the indicators of SES and the individual three CR activ-
ities of the composite measure of dropout showed

Table 2 Associations between socioeconomic status (SES)
and not taking up cardiac rehabilitation among referred
patients (n=2018)

Indicators of No uptake Unadjusted OR  Adjusted* OR
SES n (%) (95% Cl) (95% Cl)

Educational level

High 86 (20.3) 1 (reference) 1 (reference)

Medium 200 (22.5) 1.14(0.86to 1.51) 1.13(0.85to 1.51)

Low 206 (30.8) 1.74 (1.30t0 2.32) 1.52 (1.13 t0 2.04)
Family income level

High 109 (16.2) 1 (reference) 1 (reference)

Medium 169 (25.1) 1.74 (1.33t02.27) 1.51 (1.14 to 1.99)

Low 229 (34.1) 2.67 (2.06 to 3.47) 2.04 (1.54 to 2.71)

Occupational status
Employment 128 (17.8) 1 (reference) 1 (reference)

Age-related 302 (28.4) 1.83 (1.45102.32) 0.74 (0.52 to 1.04)
pension

Social 77 (82.5) 2.22(1.59t03.10) 2.10 (1.46 to 3.02)
benefit
Living alone
No 303 (20.8) 1 (reference) 1 (reference)
Yes 204 (36.2) 2.15(1.74 t0 2.66) 2.02 (1.61 to 2.53)

*Adjusted for age, sex, nationality and Charlson Comorbidity Index.
Cl, confidence interval; OR, odds ratio; SES, socioeconomic status.
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Table 3 Associations between socioeconomic status
(SES) and dropout from cardiac rehabilitation (CR) among
participants in the initial CR meeting (n=1568)

Indicators of Dropout Unadjusted OR  Adjusted* OR
SES n (%) (95% Cl) (95% Cl)
Educational level
High 76 (21.4) 1 (reference) 1 (reference)
Medium 160 (22.5) 1.05 (0.77 to 1.43) 1.03 (0.75 to 1.40)
Low 133 (27.7) 1.38(1.00to 1.91) 1.34 (0.96 to 1.86)
Family income level
High 119 (20.7) 1 (reference) 1 (reference)
Medium 108 (20.4) 0.99 (0.74 t0 1.32) 1.01 (0.75 to 1.36)
Low 150 (32.4) 1.84 (1.39t0 2.44) 1.90 (1.40 to 2.58)

Occupational status

Employment 129 (21.2) 1 (reference) 1 (reference)

Age-related 175 (22.1) 1.06 (0.82 to 1.37) 1.18 (0.80 to 1.74)

pension

Social benefit 73 (43.5) 2.86 (1.99 to 4.11) 2.36 (1.60 to 3.46)
Living alone

No 258 (21.6) 1 (reference) 1 (reference)

Yes 119 (31.9) 1.70(1.32t02.20) 1.73 (1.33 t0 2.27)

*Adjusted for age, sex, nationality and Charlson Comorbidity Index.
Cl, confidence interval; OR, odds ratio; SES, socioeconomic status.

similar tendencies to those noted in the primary results
summarised in table 3. However, patients receiving
age-related pension tended to have lower odds of non-
adherence to physical exercise training (adjusted
OR: 0.70, 95%CI 0.48 to 1.03) and patient education
(adjusted OR: 0.65, 95% CI 0.39 to 1.08) than employed
patients (online supplemental table 3). Furthermore, the
sensitivity analysis evaluating the robustness of the defi-
nition of not taking up CR demonstrated that recoding
no uptake to uptake for the 17 patients who participated
in the initial CR meeting >30days before registration
of the referral had only a minor impact on the results.
However, the association between age-related pension
compared with employment and lower odds of not taking
up CR reached statistical significance (adjusted OR: 0.70,
95% CI 0.49 to 0.99) (online supplemental table 4). As
expected, mutual adjustment for the indicators of SES
changed the point estimates of each indicator towards
the null, except for age-related pension and not taking
up CR (adjusted OR: 0.57, 95% CI 0.38 to 0.84) (online
supplemental table 5).

DISCUSSION

This study demonstrated a consistent and significant
pattern of CR underutilisation in patients with low SES
after hospitalisation for IHD.

Strengths and limitations
A strength of this study is the comprehensive identifica-
tion of the cohort of patients with IHD and a referral to

3

CR, as well as thorough identification of their SES and
CR utilisation. Information regarding the SES indicators
was almost complete and registered independently from
the study hypothesis. This possibly reduced the risk of
bias due to differential misclassification. Furthermore,
the proportions of no uptake (25%) and dropout (24%)
from CR were rather low compared with other countries
implying thorough follow-up.” The sensitivity analyses
assessing the associations between individual SES indica-
tors and each of the three CR activities in the composite
measure of dropout (ie, physical exercise, patient educa-
tion and closing CR meeting) produced corresponding
results, thereby suggesting the absence of selection bias
between them.

The main limitation of this study is its observational
design. The results may have been influenced by residual
confounding; for example, the considerable proportion
of persons with a nationality other than Danish among
patients receiving social benefits may have affected the
results towards stronger associations in case of inade-
quate adjustment.”” Moreover, the present findings may
have been influenced by unaccounted confounding
from; for example, sedentary lifestyle and difficulties
in planning the CR in relation to travel time and work
which are proposed risk factors for non-utilisation of CR.”
Unaccounted confounding may have introduced bias in
opposite directions; for example, a conflicting relation-
ship between employment status and non-utilisation of
CR has been proposed.’ Furthermore, the relatively large
proportion of referred patients who did not participate in
the initial CR meeting (n=450, 22%) may have induced
significant differences in the baseline profiles between
the referred patients and the patients who participated
in CR. Considering this, we analysed these as two separate
study population. Still, the baseline characteristics of the
two study populations showed similar tendencies.

No uptake and dropout

As healthcare factors have been linked to CR utilisa-
tion, the low proportions of patients with no uptake of
CR (25%) and dropout from CR (24%) observed in
this study could be caused by several factors.” First, the
Danish clinical guidelines highly recommend systematic
referral.*® Second, the Danish healthcare system provides
tax paid CR, including transportation if necessary. Third,
the primary healthcare setting is responsible for CR,
thereby reducing the travel time for many patients. These
healthcare factors may reduce the spatial inequality and
the overall proportion of patients not taking up and drop-
ping out from CR; nevertheless, social inequality at the
individual level may still persists.

The indicators of SES

This study substantiates the evidence of social inequality
in CR with respect to the specific SES indicators with estab-
lished associations with cardiovascular health.® Other
proposed mechanisms linking SES and cardiovascular
health in socially disadvantaged individuals include low
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health literacy, undesirable health behaviour and adverse
biological and psychosocial risk factors, all of which are
targets of CR.'* "

The results of this study are largely in line with those of
a systematic review that reported the following OR ranges
addressing non-participation: low income (1.47-5); low
educational level (1.5-1.81); unemployment or retire-
ment (0.48-5); and single marital status (1.30-16.73) JAl
these studies were conducted in hospital-based settings
and different countries, which may explain the variation.
Although dropout is less investigated in the literature,
the present findings are in line with those of existing
research.” '* Specifically, this study expands the sparse
evidence that first, the SES indicators are important in
the cross-sectoral referral process for CR and second, that
the indicators are significant risk factors for dropout.

In this study, receiving social benefits other than age-
related pension represented the strongest association
with no uptake of and dropout from CR (adjusted OR:
2.10, 95% CI 1.46 to 3.02 and adjusted OR: 2.36, 95% CI
1.60 to 3.46, respectively). Among the referred patients
and participants in CR, 25%-27% of those who received
social benefits were not of Danish nationality. Compared
with the general population, ethnic minority groups have
been associated with poor referral for and participation
in CR, while dropout is scarcely described.”?” Attention
should be focused on overcoming identified barriers to
CR utilisation in ethnic minority groups, such as language
restriction and cultural adaption of CR.*

Furthermore, a recent Danish study conducted by Grav-
ersen et aland this study imply that low personal or family
income negatively influences the CR pathway, including
referral, uptake and completion of CR.® Also, this study
proposes that living alone is negatively associated with
the uptake and dropout from CR. Although the Danish
welfare system and universal tax-financed healthcare
system may partially counterbalance inequality in health
due to economic factors and the availability of practical
and social support, these associations appear to persist.
This may be explained by studies proposing that the
income level fosters self-esteem and social position rele-
vant to participation in society.” *®

Additionally, education may be conceptualised in a life
course framework. It is strongly determined by parental
characteristics, is often completed in young adulthood
and it may influence adult resources, such as the employ-
ment status.”’ Nonetheless, this investigation and the
study conducted by Graversen el al demonstrate less
pronounced and non-significant associations between the
educational level and CR non-utilisation compared with
those noted for income.® Education may impact health
through the attainment of knowledge and skills. This
possibly affects the functioning of patients, rendering
them more receptive to health education messages and
facilitating access to appropriate health services.”” The
sensitivity analyses vyielded tentative, yet supporting
results showing that low educational level may be asso-
ciated with non-adherence to physical exercise training

(adjusted OR: 1.39, 95% CI 1.00 to 1.92) (online supple-
mental table 3).

Perspectives

As socioeconomically deprived groups continue to be
linked to increased disease rates and poorer outcomes,
interventions targeted at improving CR utilisation among
this population become necessary.'' Such targeted efforts
may involve multilevel behavioural interventions at the
individual and community levels."" This study supports
previous findings indicating the need for enhanced cross-
sectoral collaboration between the referring hospital and
the delivering primary healthcare centre of CR with the
objective to promote CR uptake and adherence.'” * *
Furthermore, health professionals should communicate
to patients that CR is an important part of the secondary
prevention and provide comprehensive information
regarding the various CR activities.'*** Future research
on interventions to promote CR utilisation among
patients with low SES is warranted.”®

Generalisability

The annual publication of data from the Danish Cardiac
Rehabilitation Database in the primary healthcare setting
demonstrated comparable numbers of referred patients
for CR with those obtained from this investigation based
on referrals registered in the National Patient Registry
(hospital-based).” Transfer of CR from hospitals to the
primary healthcare setting was implemented on 1 January
2017 in the Central Denmark Region and systematically
supported by a quality improvement database on CR
including performance measures in agreement with inter-
national clinical guidelines.' The inclusion period in this
study was advanced by 9months to avoid the running-in
period and potential variation between providers in the
CR pathway. Thus, the generalisability of these findings
to other settings and comparable healthcare systems is
strengthened by the comprehensive identification of
patients with IHD eligible for CR, as well as the comple-
tion of standardised CR programmes in accordance with
international clinical guidelines for CR.*

CONCLUSIONS

This study demonstrates that the examined indicators of
SES are important markers of the uptake of CR in the
cross-sectoral referral process and dropout among partic-
ipators, and augments the evidence of social inequality in
the CR pathway among patients with ITHD.
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SUPPLEMENTARY TABLE 1

Title
Supplementary Table 1. Cardiac rehabilitation activities among the 1,568 patients participating in

the initial meeting

Description
This table demonstrates the number and percentages of patients accepting the cardiac rehabilitation

activities decided by agreed personalised planning at the initial cardiac rehabilitation meeting.

Supplementary Table 1. Cardiac rehabilitation activities among the 1,568 patients

participating in the initial meeting

CR activities Accept to participate, n (%)
Closing MEE alone 41 (2.6)

PE alone 13 (0.8)

PET alone 173 (11.0)

Closing MEE + PE 10 (0.6)

Closing MEE + PET 459 (29.3)

PE + PET 169 (10.8)

Closing MEE + PE + PET 588 (37.5)

No acceptance + missing values 39 (2.5)

Missing values on all three 76 (4.8)
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CR, cardiac rehabilitation; closing MEE, closing cardiac rehabilitation meeting; PE, patient

education; PET, physical exercise training.
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SUPPLEMENTARY TABLE 2
Title

Supplementary Table 2. Baseline characteristics of 1,568 patients with ischemic heart disease

participating in the initial cardiac rehabilitation meeting.

Description
This table demonstrates the patients” baseline characteristics stratified according to the indicators of
socioeconomic status among patients participating in the initial cardiac rehabilitation meeting.

These patients compose the study population for the analysis of dropout.
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Supplementary Table 2. Baseline characteristics of 1,568 patients with ischemic heart disease participating in the initial cardiac

rehabilitation meeting.

Indicators of SES | Dropout Characteristics
n (%)" Age Male™ Danish origin™* Charlson Comorbidity Index™**
mean (SD) n (%) n (%) n (%)
Low, score | Moderate, | High, score
0 score 1-2 3-8
Educational level
- High 76 (21.7) 64.2 (10.0) 264 (75.2) 328 (93.5) - - -
- Medium 160 (22.5) 63.8 (10.5) 573 (80.5) 680 (95.5) - - -
- Low 133 (27.7) 66.4 (11.1) 312 (64.9) 446 (92.7) - - -
- Missing 8(33.3) 63.6 (11.9) 15 (62.5) 15 (62.5) - - -
Family income level
- High 119 (20.7) 61.6 (9.2) 483 (83.9) 563 (97.7) 364 (63.2) 173 (30.0) | 39 (6.8)
- Medium 108 (20.4) 65.5 (10.3) 397 (75.1) 499 (94.3) 287 (54.3) 177 (33.5) | 65(12.3)
- Low 150 (32.4) 67.6 (11.8) 284 (61.3) 407 (87.9) 228 (49.2) 149 (32.2) | 86 (18.6)
Occupational status
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- Employment 129 (21.2) 56.9 (7.5) 507 (83.3) 585 (96.1) 417 (68.5) 164 (26.9) |28 (4.6)
- Age-related 175 (22.1) 72.9 (5.8) 549 (69.4) 758 (95.8) 379 (47.9) | 273 (34.5) | 139(17.6)
pension
- Social benefit 73 (43.5) 54.5(7.9) 108 (64.3) 126 (75.0) 83 (49.4) 62 (36.9) 23 (13.7)
Living alone
- No 258 (21.6) 64.7 (10.3) 945 (79.1) 1,116 (93.4) 686 (57.4) |376(31.5) | 133(11.1)
- Yes 119 (31.9) 64.6 (11.8) 219 (58.7) 353 (94.6) 193 (51.7) 123 (33.0) | 57(15.3)

SES, socioeconomic status; SD, standard deviation.

* The inverse percentage that adds up to 100% represents the patients in the specific category of the SES indicator who did not dropout.

** Sex (male/female). The inverse percentage, that adds up to 100%, represents females.

** Nationality (Danish/not Danish). The inverse percentage, that adds up to 100%, represents persons not of Danish origin.

ek

observed in Table 1 of the article.

The tabulation of educational level and CCI is not shown in order to protect personal data. This table shows similar tendencies to those
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SUPPLEMENTARY TABLE 3
Title

Supplementary Table 3. Associations between socioeconomic status and the three activities in the composite

measure of dropout (n=1,568).

Description
This table shows the results of a sensitivity analysis assessing the individual associations between the four
indicators of socioeconomic status and each of the three cardiac rehabilitation activities in the composite

measure of dropout.
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Supplementary Table 3. Associations between socioeconomic status and the three activities in the composite measure of dropout (n=1,568)

Indicators of SES |No closing CR meeting within 180 days Adherence to <75 % of planned sessions of PET | Adherence to <75 % of planned sessions of PE
Unadjusted Adjusted” Unadjusted Adjusted” Unadjusted Adjusted”

n (%) OR (95 % CI) |OR (95 % CI) |n (%) OR (95 % CI) OR (95 % CI) n (%) OR(Y5%CI) |OR(95% CI)
Educational level
- High 104 (29.6) |1 (reference) 1 (reference) 93 (30.2) |1 (reference) 1 (reference) 48 (27.9) |1 (reference) 1 (reference)
- Medium 193 (27.1) |0.88 (0.67-1.17)|0.86 (0.64-1.14)|215 (34.7) |1.23 (0.91-1.65) |1.21(0.89-1.63) |128(39.6) |1.70(1.14-2.53) |1.60 (1.06-2.42)
- Low 165 (34.3) |1.24(0.92-1.67)|1.20 (0.88-1.62)| 155 (38.4) |1.44 (1.05-1.97) |1.39(1.00-1.92) |70 (33.8) |1.32(0.85-2.05) |1.24 (0.79-1.97)
Family income
level
- High 151 (26.2) |1 (reference) 1 (reference) 165 (33.3) |1 (reference) 1 (reference) 84 (32.2) |1 (reference) 1 (reference)
- Medium 141 (26.7) |1.02 (0.78-1.34)|1.06 (0.81-1.40)| 133 (29.3) [0.83 (0.63-1.09) |0.87 (0.65-1.16) |83 (32.9) |1.03(0.72-1.50) |[1.09 (0.74-1.60)
- Low 178 (38.4) |1.76 (1.35-2.29)|1.86 (1.39-2.48) | 165 (43.2) [1.53 (1.16-2.01) |1.64(1.21-2.22) |79 (41.8) |1.51(1.03-2.23) |[1.59 (1.04-2.44)
Occupational
status
- Employment 164 (26.9) |1 (reference) 1 (reference) 193 (36.6) |1 (reference) 1 (reference) 106 (37.2) |1 (reference) 1 (reference)
- Age-related 214 (27.1) |1.01(0.79-1.28)|1.19 (0.83-1.71)|192 (28.7) |0.70 (0.55-0.89) |0.70 (0.48-1.03) |104(29.4) |0.70 (0.50-0.98) [0.65 (0.39-1.08)
pension
- Social benefit 92 (54.8) 3.28(2.31-4.67)(2.72 (1.87-3.95)| 78 (57.4)  [2.33 (1.59-3.42) |1.89 (1.26-2.83) |36(57.1) |2.25(1.29-3.92) |[1.70 (0.94-3.08)
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Living alone
- No 328 (27.4) |1 (reference) 1 (reference) 331 (32.3) |1 (reference) 1 (reference) 174 (33.3) |1 (reference) 1 (reference)
- Yes 142 (38.1) [1.62(1.27-2.08)|1.62 (1.26-2.09)| 132 (43.0) |1.58(1.22-2.05) |1.57(1.19-2.06) |72 (40.0) [1.33(0.94-1.89) |1.27 (0.88-1.84)

SES, socioeconomic status; CR, cardiac rehabilitation; PET, physical exercise training; PE, patient education; OR, odds ratio; CI, confidence interval.

" Adjusted for age, sex, nationality, and Charlson Comorbidity index.
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SUPPLEMENTARY TABLE 4
Title

Supplementary Table 4. Associations between socioeconomic status and no uptake of cardiac

rehabilitation among referred patients (n=2,018): recoding no uptake.

Description

This table demonstrates the results of a sensitivity analysis concerning the robustness of the
definition of the endpoint ‘no uptake’ of cardiac rehabilitation. After recoding ‘no uptake’ to
‘uptake’ for the 17 patients who participated in the initial cardiac rehabilitation meeting more than
30 days before the referral was registered, the associations between the indicators of socioeconomic

status and not taking up cardiac rehabilitation (recoded) were analysed.
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Supplementary Table 4. Associations between socioeconomic status and no uptake of cardiac

rehabilitation among referred patients (n=2,018): recoding no uptake

Indicators of SES No uptake” Unadjusted Adjusted”

n (%) OR(Y5%CI) | OR (95 % CI)
Educational level
- High 84 (19.9) 1 (reference) 1 (reference)
- Medium 192 (21.6) 1.11 (0.84-1.48) | 1.11 (0.83-1.49)
- Low 199 (29.7) 1.71 (1.27-2.28) | 1.48 (1.10-1.99)
Family income level
- High 105 (15.6) 1 (reference) 1 (reference)
- Medium 161 (23.9) 1.70 (1.29-2.24) | 1.47 (1.11-1.95)
- Low 224 (33.3) 2.70 (2.08-3.52) | 2.05 (1.54-2.72)
Occupational status
- Employment 124 (17.3) 1 (reference) 1 (reference)
- Age-related pension 291 (27.4) 1.81 (1.43-2.29) | 0.70 (0.49-0.99)
- Social benefit 75 (31.7) 2.22(1.59-3.11) | 2.08 (1.44-3.00)
Living alone
- No 288 (19.8) 1 (reference) 1 (reference)
-Yes 202 (35.8) 2.26 (1.82-2.80) | 2.12 (1.69-2.66)

SES, socioeconomic status; OR, odds ratio; CI; confidence interval.

" No uptake was recoded to uptake for the 17 patients who participated in the initial CR meeting
>3(0 days before registration of the referral.

™ Adjusted for age, sex, nationality, and Charlson Comorbidity index.

Side 11 af 15

Svendsen ML, et al. BMJ Open 2022; 12:€060924. doi: 10.1136/bmjopen-2022-060924



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open
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Title

Supplementary Table 5. Associations between socioeconomic status and not taking up cardiac
rehabilitation among referred patients (n=2,018): mutual adjustment for the indicators of

socioeconomic status.

Description

This table demonstrates the results of a sensitivity analysis. The associations between the indicators
of socioeconomic status and not taking up cardiac rehabilitation were analysed by including all four
indicators of socioeconomic status in the adjusted logistic regression model in addition to age, sex,

nationality, and comorbidity.
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Supplementary Table 5. Associations between socioeconomic status and not taking up cardiac

rehabilitation among referred patients (n=2,018): mutual adjustment for the indicators of

socioeconomic status.

Indicators of SES No uptake

n (%)

Unadjusted

OR (95% CI)

Adjusted*

OR (95% CI)

Educational level

- High 86 (20.3) | 1 (reference) 1 (reference)

- Medium 200 (22.5) | 1.14 (0.86-1.51) | 1.04 (0.77-1.41)
- Low 206 (30.8) | 1.74 (1.30-2.32) | 1.26 (0.92-1.72)
Family income level

- High 109 (16.2) | 1 (reference) 1 (reference)

- Medium 169 (25.1) | 1.74 (1.33-2.27) | 1.50 (1.10-2.04)
- Low 229 (34.1) | 2.67 (2.06-3.47) | 1.67 (1.17-2.36)
Occupational status

- Employment 128 (17.8) | 1 (reference) 1 (reference)

- Age-related pension | 302 (28.4)

1.83 (1.45-2.32)

0.57 (0.38-0.84)

- Social benefit 77 (32.5) | 2.22(1.59-3.10) | 1.32 (0.88-1.97)
Living alone

- No 303 (20.8) | 1 (reference) 1 (reference)

- Yes 204 (36.2) | 2.15(1.74-2.66) | 1.74 (1.37-2.22)

SES, socioeconomic status; OR, odds ratio; CI, confidence interval.

* Adjusted for the remaining three indicators of socioeconomic status in addition to age, sex,

nationality, and Charlson Comorbidity Index.
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Title

Supplementary Table 6. Associations between socioeconomic status and dropout from cardiac
rehabilitation among participants in the initial meeting (n=1,568): mutual adjustment for the

indicators of socioeconomic status.

Description

This table demonstrates the results of a sensitivity analysis. The associations between the indicators
of socioeconomic status and dropout from cardiac rehabilitation were analysed by including all four
indicators of socioeconomic status in the adjusted logistic regression model in addition to age, sex,

nationality, and comorbidity.
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Supplementary Table 6. Associations between socioeconomic status and dropout from cardiac
rehabilitation among participants in the initial meeting (n=1,568): mutual adjustment for the

indicators of socioeconomic status.

Indicators of SES Dropout | Unadjusted Adjusted*

n (%) OR (95% CI) | OR (95% CI)

Educational level

- High 76 (21.4) | 1 (reference) 1 (reference)
- Medium 160 (22.5) | 1.05 (0.77-1.43) | 0.95 (0.69-1.31)
- Low 133 (27.7) | 1.38 (1.00-1.91) | 1.07 (0.75-1.52)

Family income level

- High 119 (20.7) | 1 (reference) 1 (reference)
- Medium 108 (20.4) | 0.99 (0.74-1.32) | 0.83 (0.60-1.16)
- Low 150 (32.4) | 1.84 (1.39-2.44) | 1.32 (0.91-1.93)

Occupational status

- Employment 129 (21.2) | 1 (reference) 1 (reference)

- Age-related pension | 175 (22.1) | 1.06 (0.82—-1.37) | 1.14 (0.74-1.76)

- Social benefit 73 (43.5) |2.86(1.99-4.11) | 2.02 (1.31-3.13)

Living alone

- No 258 (21.6) | 1 (reference) 1 (reference)

~Yes 119 (31.9) | 1.70 (1.32-2.20) | 1.48 (1.11-1.98)

SES, socioeconomic status; OR, odds ratio; CI, confidence interval.
* Adjusted for the remaining three indicators of socioeconomic status in addition to age, sex,

nationality, and Charlson Comorbidity Index.
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